Since 1883* I have repeatedly endeavoured to discover some refined and generally applicable m ethod by m eans of w hich th e fine fibrillre, o r " connecting th rea d s," tra v e rsin g the cell m em brane m ig h t be identified w ith ce rtain ty , and th e fact of th eir existence settled beyond dispute. I w as also anxious to be in a position to in v estig ate th e developm ent of th e th re a d s in endosperm tissue. My researches m et w ith little encouragem ent u n til 1894, w hen I succeeded in find in g a new m ethod, by m eans of w hich I obtained excellent results w ith th e young developing endosperm tissue of Tamus communis. T his I have fu rth e r elaborated, so th a t eith e r the original m ethod, or m odifications of it, can be applied to tissues generally. In the present com m unication I propose to give a brief account of m y researches, leav in g a more detailed description to a fu tu re occasion.
Since 1883* I have repeatedly endeavoured to discover some refined and generally applicable m ethod by m eans of w hich th e fine fibrillre, o r " connecting th rea d s," tra v e rsin g the cell m em brane m ig h t be identified w ith ce rtain ty , and th e fact of th eir existence settled beyond dispute. I w as also anxious to be in a position to in v estig ate th e developm ent of th e th re a d s in endosperm tissue. My researches m et w ith little encouragem ent u n til 1894, w hen I succeeded in find in g a new m ethod, by m eans of w hich I obtained excellent results w ith th e young developing endosperm tissue of Tamus communis. T his I have fu rth e r elaborated, so th a t eith e r the original m ethod, or m odifications of it, can be applied to tissues generally. In the present com m unication I propose to give a brief account of m y researches, leav in g a more detailed description to a fu tu re occasion.
The m ethods used by earlier observers for th e investigation of connecting thread s are essentially based upon those of Sachs and of H an stein , by m eans of w hich th ey dem onstrated the ch aracteristic stru c tu re of sieve-tubes. T a n g l's im p o rtan t re su lts of 1880, which were confirmed and extended by m yself in 1883, were in fact obtained by H a n ste in 's m ethod as such, and are the outcom e of quite special conditions, and a happy com bination of circum stances, depending upon th e fa ct th a t in dry ripe seeds th e tissue is so poor in w a te r th a t w ith th e iodine and S chulze's solution (Chlor. Zinc. Iod.), th e cellulose fails to give th e usual blue colour, and thus allows the d ark ly stained th rea d s to come into view. The m ethod ceases to w ork w ith u nripe seeds, or even w ith ripe seeds w hich contain a ce rta in percentage of w ater, and w ith ordinary tissue is quite useless.
C ertain m odifications of the m ethod of Sachs, and the m ethod of H anstein, w hich m ay be described in general term s as involving both a more regulated application of th e sw elling agents and the use of aniline dyes in place of iodine, were first and independently in tro duced by Russow and m yself in the years 1882 and 1883. As regards m y own researches, my first resu lts in 1882 were obtained by a m odi fication of Sachs' method, and consisted in sw elling sections of fresh tissue w ith sulphuric acid, and then staining w ith H ofm ann's violet (m ethyl violet) washed out w ith glycerine, or w ith H ofm ann's blue dissolved in picric acid (picric H ofm ann's blue). This was succeeded in 1883 by a second m ethod, w hich was a m odification of th a t of H anstein, and consisted in tre a tin g sections of fresh m aterial w ith iodine solution, sw elling w ith Chlor. Zinc. Iod. and staining w ith picric H o fm an n 's blue or m ethyl violet. C ertain results obtained by th is la tte r trea tm e n t were so prom ising th a t in my final paper in 1883, w ith th e custom ary rashness of youth, I described the m ethod as being " perfectly satisfactory b u t no long period elapsed before I found in practice th a t it was of b u t lim ited application.
S peaking generally, and excepting P o ira u lt's* researches, I th in k one is justified in say in g th a t since 1883 little or no advance has been made in th e im provem ent of m ethods, and th a t la te r observations re st m ainly on sm all modifications of the m ethods of llussow and myself.
The careful and detailed work of K ienitz-G erlofff unfortunately serves in g reat m easure to dem onstrate the u n satisfacto ry n atu re of th e results obtained by th e sulphuric acid m ethod, and to prove th a t unless th e threads are of exceptional size, as in Viscum , or as in sieve-tubes, the m ethod is unreliable. T he above rem ark s equally apply to such of m y own re su lts as depend upon the sulphuric acid modification.
A n advance was, however, m ade by P oirault. In place of experi m enting on sections of fresh tissue, he killed and hardened pieces of tissue in dilute iodine solution, and from th e preserved m aterial he th en cu t sections, which were swollen w ith Chlor. Zinc. Iod., or sulphuric acid, and stained eith er with eosin, P o irrie r's acid brown, m ethyl violet, crocein, or aniline green, P o ira u lt's researches are lim ited to th e ferns and other vascular cryptogam s, and lie buried, so to speak, in his paper " A natom ical .Researches on the V ascular C ryptogam s." W hile certain of his figures are, perhaps, not entirely convincing, th e results of his research are most im portant, and of' g re at interest. I am asham ed to say th a t I was unaw are of th e existence of this paper u n til th e autum n of 1895, which was a year afte r I had elaborated the main lines of m y own m ethod, and applied it w ith success to the study of young endosperms. The great m erit of P o ira n lt's modification is th a t here for the first tim e provisions are made for preserving and hard en in g the tissue before taking sections. New dyes are also u^ed. W ith certain kinds of tissue this m ethod appears to have given excellent results.
I may now introduce my ow n researches. In the course of obser vations on this p articu lar branch of cytology, certain salient facts come to the fore. In the first place one learns th a t m aterial pre served in alcohol does not appear to be suitable for the investigation, and consequently fresh tissue has been used. Secondly, th a t it * Poirault, ' Ann. Sci. Nat. (Bot.),' vol. 18, 1893. f islienitz-Grerloff, ' Bot. Zeit.,' 1891. i 2 appears g en erally necessary to b rin g about a definite swelling of the cell wall. T h ird ly , th a t it is not easy to stain and isolate th e threads, even w hen th ey are know n to be present. These facts place m any obstacles in th e w ay of successful research. The difficulties atte n d in g th e m anipulation of fresh tissue are sufficiently obvious, and are ap t to be so increased by 'the subsequent sw elling as to re n d er any really refined in v estig atio n w ell-nigh im possible, and as long as th e th re a d s cannot be stained so as to stan d o u t clearly from th e re st of th e w all th e ir identification is out of the question. T hese difficulties, w hich are sufficiently pronounced in th e case of p ecu liarly favourable m aterial such as th a t of endo sperm , are only m agnified when th e in v estig atio n is concerned w ith o rd in ary or y o ung tissue. In addition to th e draw backs already m entioned, th e ex istin g m ethods of research h ith e rto in use m ake no provision for th e p re serv atio n of tissue.
I t becam e obvious, therefore, th a t if the in q u iry inti) th e relations of th e cell w all an d th e connecting th rea d s was to be prosecuted w ith success, a m ore refined m ethod m u st be devised, w hich could be reduced to term s of the usual procedure, viz., killing, fixing, hard en in g , p reserv in g , cu ttin g section, staining, and m ounting, and th a t th e m ethods heretofore in use w ere too coarse for so delicate an investigation.
I do n ot propose in th e p resen t p a p e r eith er to give an account of th e discovery of m y m ethod, or to go into elaborate technical details. I t is sufficient to say th at, expressed in th e sim plest term s, th e m ethod appears to depend upon th e use of two p rin cipal reag en ts, viz., th e osm ic-acid-uranium -nitrate m ixture of Kolossow as a fixative, and safran in as a dye. As a preservative I have used thym ol w ater, and have obtained excellent results w ith m aterial w hich has rem ained in it for as long a period as three years. Sections m ay be c u t by h an d or with the freezing microtome.
The fixing an d stain ing reagents m ust be introduced and employed in different ways, th e exact m an n er of procedure depending upon th e ch aracter and age of th e p articu lar tissue under observation. This can be best illu stra te d by m eans of definite examples, and since th e w hole m ethod is som ew hat com plicated, it will be expedient to consider u n d er separate heads (1) th e killing and fixing, w ith which is also associated th e swelling, and (2) the staining.
In m aterial such as th a t of young endosperm s (e.g., the endosperm of Tamus c o m m u n i s ), no swelling is required, and the tissue, cut into small pieces, m ay be both killed and fixed at one and the same tim e by Kolossow's reagent, and then preserved in thym ol w ater for fu tu re use. W here only slig h t swelling is necessary, treatm ent w ith w ater may precede th a t of Kolossow's reagent. In certain classes of tissue, w here th e walls are swollen w ith com parative ease, such as with special Reference to tlic Mode of Connexion of Cells. 103 th at of th e o rd in ary v eg etativ e tissue of Phaseolus , Tamus communis, Nerium oleander, Salisburia Ac., sm are killed and swollen in an aqueous solution of picric acid, and th en fixed in th e Kolossow's reag en t and preserved in thym ol w ater. Finally, w here th e tissues are m ore resistan t, as, for instance, in Robinia pseudacacia, Prunus l a u r o c e r a s u , or Aucuba ja m ent w ith picric acid may be followed by m ore severe swelling by means of solutions of zinc chloride or sulphuric acid, to be succeeded as before by fixing, hardening, and preserving. The blackening of the cell contents caused by osmic acid m ay be rem oved by bleaching.
From such preserved m aterial sections m ay be c u t w hen required. The process of stain ing is no less com plicated than th a t of killing and fixing, and is best considered under tw o heads, v iz .:-(1) T he m ethods applicable to certain endosperm s an d tissues of sim ilar character. (2) T he m ethods applicable to the m ajority of tissues.
In certain special cases it is possible to stain th e th read s d irectly either w ith safran in alone or by in tro d u cin g safranin by m eans of a som ew hat in tricate su b stitu tio n m ethod such as th a t which I used w ith excellent resu lts in th e case of th e endosperm of Tamus com munis, where th e sequence of stain in g w as H ofm ann's blue (or soluble w ater blue), m ethylene blue, safranin, and in w hich m oieover th e H ofm ann's blue was dissolved in dilute picric acid or uranium n itrate, and th e m ethylene blue in dilute salt solution. Once stained w ith safranin, all sorts of modifications are possible. Thus, the safranin may be succeeded by gentian violet or by eosin, and w ith gentian violet G ram 's m ethod is applicable and m ost advan tageous. As safranin form s a precipitate w ith chrom ic acid, sections stained w ith safranin m ay be treated w ith th is reagent, and th en w ith silver n itrate, th u s effecting a silver staining of the threads. Silver n itrate itself also lorm s a precipitate w ith safranin. In a., cases the staining is practically lim ited to the threads.
W hen th e above m ethods of direct selective staining are applie 1 to ordinary tissue they are found to fail, fox* it usually happens th a t th e whole of th e wall becomes deeply stained, so th a t th e threads aie no longer' visible. I was for some tim e completely baffled by this circum stance, b u t I ultim ately adopted th e w ell-know n m ethod of staining and w ashing out, using for the purpose orange G or acid fuchsin. W ith ordinary tissue the staining appears to be more easily accomplished th an w ith the th ick m ucilaginous walls of endosperm cells, and the method may be som ewhat more syncopated. F xeeilent resu lts may be obtained by stain in g at once w ith safranin and wash ing o u t with orange G. This may be followed by staining w ith g entian violet, succeeded by treatm en t w ith acid fuchsin, or th e sequence of staining may be safranin, gentian violet, acid fuchsin. jSuInstitutions in which safranin, gentian violet, and eosin are included give good results. The m ethod of staining indirectly by washing out may also be applied to endosperm tissues generally. The stained sections are best examined either in w ater or in very dilute glyce rine. I have as yet given little attention to the question of m aking perm anent preparations, although I have initiated certain experi m ents which may possibly lead to a satisfactory result.
I t is probable th a t th e method in its present form will not be found to be available for the study of ad u lt lignified or suberised cells, though up to th e present I have m ade no observations upon such tissues. The investigation of young tissue will, however, doubtless give good results, and will establish th at in them, also, the general stru ctu re prevails, 1 am strongly convinced th a t the above method, or sim ilar methods, based upon " non-alcoholic " treatm ent, will be found to be peculiarly suitable for the investigation of the tissues of plants, and will in th e fu tu re lead to observations of interest and im portance.
A sum m ary of resu lts may now follow. As my new m ethod owes its origin to a study of th e cells of endosperm I propose to deal w ith th a t tissue first.
The present investigation entirely confirms and extends the results I obtained in 1883.* A t th a t time, however, m any im portant problem s still aw aited solution. In the first place, w hat was believed to be the typical and universal structure could only be dem onstrated w ith particularly favourable m aterial and in a lim ited num ber of plants. F ui'ther, even in ripe seeds, where treatm ent with iodine proved th a t connecting threads were present, special difficulties were experienced when attem pts were made to stain them w ith aniline dyes. Lastly, for young seeds the methods were quite unsuitable. W ith the present methods we are in a position to investigate the stru ctu re of endosperms generally, and to follow their development even from th e earliest stages. The more refined method also gives more sure and satisfactory results.
I t is possible to make certain general statem ents concerning the connecting threads of endosperm cells. In the first place, the his tological stru ctu re of endosperm establishes a point of great im portance which is only em phasised by the study of tissues generally, viz., th at in pitted cells the pit-closing membrane is invariably traversed by threads. F or descriptive purposes these may be called " p it-th read s." Threads may also be present which traverse the general wall, and these may, similarly, be called " wall-threads." In the somewhat exceptional cases of unpitted cells the thread system is necessarily composed of " wall-threads " only. In many pitted cells both " pit-threads " and " wall-threads " are presen t; but in the m ajority of cells the threads appear to be limited to the pits, though it is n o t im probable th a t even in such cases other threads trav ersin g the general wall will be found to occur. W here both " p it-th read s " and " w all-threads " coexist in one and the same cell, th e form er are sto u ter and more readily staiuable th a n the latter. In p itte d cells th e p it-th read s are necessarily in groups, and it is a p o in t of some in tere st th a t th e w all-threads also are usually in groups-as th o u g h a pit were present. This is especially strik in g in such cases as th e u n p itte d cells of Tamus ( fig. 1) and Hordeum vulgare. In Tamils communis, while th e side walls exhibit th e usual arran g em en t of isolated groups of threads, the end walls are traversed by a single large group, as in sieve-tubes. The stru ctu re of th e endosperm cells of martagon ( fig. 2) of some interest. The cells are pitted and each p it has its group of " p it-th read s." In any given group the threads are arranged in bundles, recalling the sim ilar arrangem ent of achrom atin fibres, which S trasburger and others have found to accom pany nuclear divisions in th is plant. The mode of developm ent of the threads and the phenomena which accompany germination were invest.-gated in the endosperm of Tamm only. The threads are found to be present at a very early stage, and can be detected even in the very youngest and thinnest walls. They are at first uniformly ' lstrlb"ted °™r the cell membrane. In the case of the side walls, as surface growth proceeds, small groups of threads become separated om one another by intervening areas of clear membrane, while in .he end walls, where the extension of surface is less, this segregation into groups does not take place. In the early stages the growth in thickness of the wall is not uniform, and pits are formed on the side walls at those points where thread groups occur; but they have only a transient existence, and ultimately disappear. It is, however, interesting to note that the vegetative tissue of Tamus communis consists for the most part of pitted cells.
In germination the ferment, in the first instance, appears to be conducted into the wall by means of certain of the threads, but when once an entrance is effected the corrosive action rapidly spreads quite independently of the threads, becoming the more potent as it reaches the neighbourhood of mucilaginous and less resistent middle lamella. In a given wall the penetration commences simultaneously at several centres, and at each centre the affected areas assume the general form of small cones with their apices directed towards the cell lumen ( fig. 3) . Moreover, since the action of the ferment soon extends from cell to cell in two adjoining cells, where the common wall is affected on both sides, each side having its cone, the base of one cone appears opposed to that of the other. At this stage, by appropriate staining, the threads may still be seen shining through the disorganised mucilage of the affected areas. As the ferment action proceeds the boundaries of the several areas continually extend and at length unite when the whole of the wall is involved. The disorganisation of the wall is accompanied by marked stratification. The sphere of influence of the ferment action is curiously lim ited and h ard ly extends beyond th e im m ediate n eig h bourhood of th e ab so rbent foot of th e young em bryo. The m ode of disappearance of th e wall by the coarse corrosive action of th e ferm en t, and th e m an n er of its proceeding w ith so little relatio n to the thread s, seems to indicate th a t th e stru c tu re of endosperm cells has more relatio n to the conduction of im pulses and of food supply th a n to th e needs of germ ination.
S atisfactory as are the re su lts derived from th e stu d y of endo sperm cells, th e real success was achieved w hen th e m ethod was so modified th a t it could be applied w ith certain ty and success to th e investigation of o rd in ary tissue, and to speciaiised form s of it, such as pu iv in i an d ten d rils.
The u n satisfac to ry c h a ra c te r of th e som ew hat m eag re re su lts h ith erto obtainable have not, I th in k , succeeded in generally estab lishing a conviction th a t th e stru c tu re s p o stu lated have necessarily an actu al existence. B o tan ists have, on the contrary, been inclined to look askance a t re su lts depending upon such statem ents as " a stained a r e a " or " a d o u b tfu l s tria tio n ," and th ere lu rk ed in th e m inds of m any, th e suspicion th a t the histology of endosperm s was possibly exceptional, and peculiar to th a t tissue.
F or the fu tu re such doubts need no louger be en tertain ed , since it is now easy to dem onstrate th a t th e stru c tu re exhibited by endosperm tissue is in all respects en tirely ty p ical of p la n t tissue generally.
In these days of active investigation, it is not often given to one to be th e m edium for th e criticism of his own research. T his good fortune, however, now falls to me, an d I hasten to say th a t in th e lig h t of the present in vestigation it is quite clear th a t a p a rt from endosperm s, and w ith such exceptions a m y earlier w ork on the co n tin u ity of th e protoplasm , in puivini and o th er tissues, does not afford absolute proof th a t a com m unication between cells actually occurs, b u t for th e m ost p a rt only b rin g s forw ard strong evidence th a t such connection is exceedingly probable. A t this ju n ctu re, also, I note, w ith satisfaction, th a t th e results th e n obtained were able to save me from the erro r of a belief in the existence of a system of open pits w hich have since th e n been repeatedly figured and desciibed, and against which I have persist ently spoken.
As I have already rem arked, my new m ethod m akes it possible to establish w ith certain ty th a t the stru ctu re of all kinds of p lan t tissue is precisely sim ilar to th a t of endosperm s, and th a t exactly the same modifications are exhibited. In p itte d cells every pitclo.sing-membrane is traversed by its group of threads, and in unpitted cells sim ilar groups also occur. In square-ended tu b u lar cells, such as those of the leaf stalk of viartagon (tig. 4), the The Histology
num erous sm all isolated groups of w a ll-th re ad s are present on th e side walls, an d a large group occupies each end wall. In certain cells both " p it-th re a d s " and " w all-threads " m ay sim ultaneously be present. T he m ethod gives equally good re su lts w ith th in or th ickw alled tissue, an d in th e case of th e th in n est w alls an " en face " view can be o b tained w here a sectional view fails. The th read s vary in size. They are, for instance, exceedingly th ick in Viscum , w here th e y are seen w ith th e g re atest ea se; th ey are well developed in Phaseolus multiflorus and L iliu m , and they are fine and delicate in Aucuba japonica ( fig. 5) . The connecting th read s m observed equally in th e epiderm is and cortex, and in all th e living cells of the tissues of the cen tral cylinder. In a section of any given tissue, it can be readily seen th a t all the cells are placed in com m u nication w ith one another. One is tem pted to ex p atiate upon the w onderful beauty of th e appearance presented by the walls studded w ith th e ir pits, each p it w ith its closing m em brane traversed by the th rea d com plex a fte r th e m anner of sieve-tubes.
It is indeed a sig h t which cannot fail to convey a lastm g im pression of wonder and surprise.
T he p it-th read s of such pulviui as w ere exam ined presented no strik in g difference, either in appearance or distribution, to the sim ilar stru ctu res in ordinary tissue, and the same appears to be tru e of the sieves of tendrils. The im portant point, however, is this, th a t in all these tissues th e threads perforating the pit-closing m em brane can be read ily seen, and even counted.
A point of in tere st was observed in the epiderm al cells of communis and Lilium martagon ( fig. 6 ), viz., th a t th e ex tern Avails are penetrated by a system of threads w hich ra d ia te from th e cell lum en and extend to th e cuticle, so th a t th e la tte r is the only stru ctu re in tercalated between th e protoplasm and the environm ent. The im p o rtan t bearings of th is observation are obvious.
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The following is a list of th e tissues w hich have up to th e present been investigated, to g eth er w ith the date of observation. In each case connecting threads were observed.
In 1894. The young and developing endosperm of Tamus communis and the young endosperm of Asperula odorata.
In 1895. The cotyledons of Tropwolum magus. The endosperm of Lilium martagon and F ritillaria imperialis. The root of Ranunculus asiaticus. The leaf stalks of Tamus , Viscum , and M arattia elegans.
In 1897. The leaf stalks of Aucuba Primus laurocerasus, Nerium o l e a n d e r , Lilium martagon, L iliu m Salisburia adiantifolia, and Asplenium rutcefolium ( fig. 7 F ig. 7.
Taraxacum dens-leonis.The perianth-leaves of Lilium martagon. p u h in i of Mimosa s e n s i t i v a and Robinia (fig. 8) A lth o u g h th e re searc h is still in its p relim in ary stages, since my atten tio n h as been chiefly directed to the elaboration of the new m ethod, y e t th e re su lts already obtained are sufficiently num erous a n d sugg estiv e to enable one to m ake certain rem ark s and general statem en ts.
I t is im possible to re sist th e conclusion th a t th e connecting th re a d s consist e ith e r w holly or p a rtly of protoplasm , and th is view is larg e ly confirmed by the sta in in g reactions. I t is, how ever, not im pro b ab le th a t the protoplasm ic filam ent may be surrounded by a m ucilaginous sh eath . Osm ic acid induces no blackening as i t does in th e th read s of m any sieve-tubes, and I am inclined to believe th a t in o rd in ary tissue th e th rea d s consist for th e m ost p art of ectoplasm , and are to be reg ard ed in fact as extensions of it.
T he th read s a p p e ar to be p re sen t ab initio. This fact, coupled w ith th e su rface-g ro w th of the cell wall, furnishes a sufficient expla natio n of th e " barrel figures " so generally assum ed by th e various th re a d g'roups.
The resem blance to th e sim ilar figures w hich accom pany unclear division is th ere fo re superficial. N evertheless it seems certain th a t th e th read s do, as a m atter of fact, arise from th a t p a rt of th e cytoplasm w hich a t the period of form ation of th e cell plate form s th e fibres of th e so-called " nuclear spindle," and th a t these fibres become, so to speak, p artia lly im prisoned in the young wall.
My resu lts ap p ear to indicate th a t in a given cell the whole system of connecting th re a d s arise a t this early stage, and th a t no subsequent developm ent occurs.
This statem en t will, however, req u ire careful confirm ation, and has certain bearings on such in tere stin g questions as th e theory of g rafts and " sliding g ro w th ."
In dead cells, such as those of ripe endosperm , the threads appear to degenerate into m ucilage, and this is possibly also the case in ad u lt lignitied and o th er cells.
In the p a rtic u la r tissues w hich I have investigated, the threads can be shown to be p re sen t in all cells w hich still retain th eir cellu lose character, and although I have not actually succeeded in with special Reference to the Mode of Connexion of Cells. I l l observing them in ad u lt lignified and suberised tissue, it seems certain tlia t th ey w ill be found th ere also. There can be little doubt th a t they occur u n iv ersally in th e cells of all th e tissues of all p lan ts.
From th is arises th e fun d am en tal conception th a t th e p la n t body m ust be regarded as a connected whole, and th a t the cell w alls occupy only a sub serv ient position. T hus our views as to the u lti m ate histology of tissue m u st be considerably modified. A new vista also opens to cytological research in th e direction of th e accurate determ in atio n of th e d istrib u tio n and orientation of th e th rea d s in th e various tissues, w hich can h a rd ly fail to lead to im p o rtan t results.
S hould th e stru ctu re p re se n te d by th e ex tern al w alls of the epi derm al cells of Tamus communis and Lilium be found to be of general occurrence, we shall be p re p are d for m ost in tere stin g results when th e exam ination is extended to secreting gland c e lls: to such non-cellular organism s as certain algae and fungi, and to such unicellular bodies as spores and pollen grains.
Two im portant fu n ctions are, doubtless, perform ed by the con necting th read s, viz., the conduction of im pulses and th e conduc tion of food. As to the first, th e re can be no q u e s tio n ; and as to th e second, one cannot b u t reflect th a t it m ust be of the g reatest advantage to th e p lan t to be able to tran sm it from cell to cell as occasion requires, and in a definite and determ inate direction, highly organised food supplies and even protoplasm itself.
I t is, of course, possible th a t in th e threads them selves a definite division of labour may occur as regards the transm ission of food and th e con duction of stim uli.
The consequences w hich arise from our m ore p erfec t know ledge of p lan t histology are obvious and fa r reaching.
In the first place we learn th a t the stru c tu re exhibited by sievetubes, w hich in th e p ast was regarded as peculiar, is shown to be typical of cells generally, w ith th is slight difference, however, th a t in sieve-tubes a secondary enlargem ent of the pores appears to occur. All the cells of a tissue m ust be regarded as being connected together by delicate groups of protoplasm ic threads, which traverse either the general wall or th e pit-closing m em brane, ju st as th e sieve-tube threads traverse the so-called " sieve p late," a fact which a t length enables us to do ta rd y justice to the dom inant position occupied by the protoplasm of the p la n t body, and to understand how the deep-seated cells of a tissue can telegraph th e ir needs to those at the periphery, cell after cell tak in g note of th e w ording of the message, or how th e peripheral cells m ay com m unicate to th e interio r th eir sense of gravity, light, heat, or touch, to which th e whole organ may reply as its peculiar organisation directs.
As an integral p art of cell structure, the connecting threads constitu te a factor, which can n o t fail to have an im p o rtan t bearing in all general questions, such as th e g ro w th of th e cell wall, th e conduction of food, th e ascen t of w ater, the process of fertilisation, th e p en e tratio n of fu n g i into th e ir host, th e process of secretion, and th e tran sm issio n of th e im pulses which d eterm ine g ro w th and m ove m en t of p la n t organs.
C oncerning certain of these problem s, I should like to make a few concluding rem ark s.
As to the passage of w a te r from th e root h air to th e vessel, th e presence of connecting th read s in the cells of root tissue m akes it possible to im agine th a t th e ordinary law s of osm osis may be pro foundly modified, an d th a t the filam ents which establish protoplasm ic co n tin u ity m ay conduct stim uli, leading, fo r instance, to a difference in reaction of th e proxim al and distal halves of an y given cell. Sim ilarly, it is conceivable th a t a definite polarity is established, w hich helps to determ ine the direction of th e flow. As to the larger question of la p id w a te r m ovem ent, although th is is n either the tim e n o r th e place to e n te r in to theory, y e t I cannot refrain from retnarkin g th a t it is n ot im possible th a t th e threads, doubtless present in large q u an tities in dead vessels, may, if they suffer m ucilaginous change, have some b ea rin g on th e question, by assisting to sustain the w ater a t any given level or a ttra c tin g w ater in the im m e diate environm ent. In any case, I am stro n g ly of opinion th a t the p a rt played by m ucilage and the force of h y d ratio n have n o t as yet received sufficient atten tion.
As to m ovem ents generally, I am still unable to accept P feffer's view' of th e subsidiary p a r t played by th e protoplasm in connexion w ith tu rg id ity ,* and I am still of opinion th a t the ectoplasm is th e m aster factor which determ ines the condition of the cell. The present research dem onstrates am ong o ther things th a t there are fixed points in th e ectoplasm, and this m ay have some bearing on the possibility of establishing th e periodic or sudden contractions and dilatations w hich I believe are associated w ith turgescence, and of Avhich such a phenom enon as the effusion of w ater from the cells of a stim ulated Mimosa pulvinus is b u t an abnorm al instance.
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" On the Viscosity of Hydrogen as affected by Moisture." By L o r d R a y l e ig h , F.R.S. Received September 8, 1807.
In S ir W . C rookes's im p o rtan t work upon the viscosity of g.isesf th e case of hydrogen was found to present peculiar difficulty. " W ith each im provem ent in purification and drying I have obtained # Gardiner, ' Roy. Soc. Proc.,' vol. 43, 1887. f ' Phil. Trans.,' 1881, p. 387.
